Abbreviations: CI, confidence interval; IVH, intraventricular hemorrhage; PTL, preterm labor; PPROM, preterm prelabor rupture of membranes; ROP, retinopathy of prematurity. 
how those processes are related to the outcome in preterm-born infants are some of the most important challenges in modern obstetrics. [6] [7] [8] [9] According to the mode of onset of delivery, preterm births can be classified as iatrogenic or spontaneous. [10] [11] [12] [13] [14] Iatrogenic preterm birth is the result of induced labor (this will almost never occur at these gestational ages) or a cesarean section before labor and/or rupture of membranes. Maternal pregnancy complications, such as preeclampsia, intercurrent disease, and bleeding, and fetal complications, such as intrauterine growth restriction and other conditions signaling fetal compromise, are among the reasons for iatrogenic preterm delivery. 6, 11, 14 Spontaneous preterm birth starts with either preterm labor (PTL) or preterm prelabor rupture of membranes (PPROM). The delivery may be vaginal or by cesarean section.
The etiology of spontaneous preterm birth is elusive, but infection and inflammation are believed to play an important role. 6, 15 Twenty years ago, Leviton and Adinolfi 4, 5 suggested that the increased risk of cerebral palsy related to preterm birth might partly be due to phenomena that lead to, or accompany, spontaneous preterm birth. The hypothesis that the mode of onset of delivery affects perinatal and neonatal outcome has previously been investigated with variable results in both population-based 8, 16 and hospital-based 17, 18 studies.
As the most severe infant impairment is found after extremely preterm birth, it is a suitable group for the study of this hypothesis.
One problem, when addressing this issue in the extremely preterm delivery group, is that the number of cases tends to be small. The
Swedish national population-based Extremely Preterm Infants in
Sweden Study (EXPRESS) 1 with its size and high-quality obstetric and pediatric data, provides a unique opportunity for a more detailed analysis.
Our hypothesis, based on the studies mentioned above and tested in the present study, was that factors causing preterm delivery also affect the perinatal and infant mortality and morbidity.
Furthermore, we studied whether PPROM or PTL lead to different outcomes within the group with spontaneous onset of preterm delivery.
| MATERIAL AND ME THODS
The EXPRESS is a national population-based, prospective observational study including all live-born infants delivered before 27 gestational weeks and all stillborn infants delivered between 22 Terminations of pregnancy and infants born outside Sweden were excluded. All obstetric and neonatal departments in Sweden participated. One obstetric and one pediatric study coordinator in each of the seven healthcare regions supervised the data acquisition and quality. The local medical staff collected data on standard study forms and the regional data were then transferred to a central database. In case of missing or obviously erroneous data, the records were returned to the regional study coordinator who traced and corrected the data as far as possible. During the study, one internal and one external data control were performed on a randomly selected group of study patients.
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Data on the live-born infants were collected prospectively; maternal and infant data were cross-linked with the Swedish Medical Birth Registry. Data concerning mothers and stillborn infants were collected at the time of delivery. The Swedish Population Registry was used to obtain information on infant deaths after discharge to home up to 1 year of age. Of all pregnancies, 95% were dated by ultrasound in early pregnancy, 2% based on the date of last menstrual period, and 3% by unspecified methods.
Iatrogenic delivery was defined as delivery by prelabor cesarean section or induction of labor in the absence of PPROM or PTL. 1, 10, 12, 19 Spontaneous preterm delivery was defined as delivery following PPROM or PTL. Cesarean section after PPROM and/or PTL was included in the latter group.
During the study period, 1011 infants (707 live-born and 304 stillborn) were born to 887 women in 904 deliveries (102 multiple births).
In this study, we included all women with a live fetus on admission to the delivery ward and with known mode of onset of delivery, resulting in 682 live-born infants and 65 cases of intrapartum death.
All records of women with iatrogenic delivery (172 live-born infants and 9 intrapartum deaths) were additionally reviewed by one of the authors (TF). Thirty-four deliveries with a spontaneous onset that ended with a cesarean section, originally classified as iatrogenic, were reclassified as spontaneous. After reclassification, there were 600 deliveries with spontaneous onset (540 live-born infants and 60 intrapartum deaths) ( Figure 1 ).
The analyses were performed in three sub-cohorts. The first sub-cohort consisted of all pregnancies with fetus alive at admission to the delivery ward. Fetuses who died before the onset of delivery were excluded; hence, Group A consisted of live-born infants and intrapartum deaths (n = 747). Group B comprised the live-born infants (n = 682) and Group C the infants surviving at 1 year (n = 482).
Mortality was further studied in the following subgroups: intrapartum death (Group A only), early neonatal death (0-6 d), and death before 365 days of life.
The morbidity in the population of infants alive at the age of 1 year was studied regarding the following entities: severe bronchopulmonary dysplasia, defined as requirement of at least 30% oxygen at the time corresponding to 36 weeks of gestation; retinopathy of prematurity stage 3 or higher (ROP ≥ 3), defined
Key Message
The mode of onset of delivery (iatrogenic or spontaneous)
had no impact on the mortality and morbidity outcomes of infants born before 27 gestational weeks. The gestational age and growth deviation at birth were of importance for the outcome. . In Group C, adjustments were made for weight z-scores corresponding to gestational age 36 weeks. The mentioned covariates were chosen, as they were all known to be associated with the evaluated outcomes. The Hosmer-Lemeshow procedure was used to determine the best way (linear and second-degree polynomial) to represent gestational age in the models.
| Statistical analyses
The birthweight z-scores and weight z-scores at 36 gestational weeks were calculated according to the national intrauterine growth standard based on ultrasonically estimated fetal weights.
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All statistical analyses were performed using Gauss™ (Aptec Systems Inc., Maple Valley, WA, USA). A P-value < .05 was considered statistically significant, as was a 95% confidence interval (95% CI) not including 1.00.
| Ethical approval
The The EXPRESS study; all live-born infants <27 +0 wk, n = 707 all stillborn infants 22 +0 -26 +6 wk, n = 304
The present study; all fetuses alive on admission to the delivery ward and with known onset of delivery mode, n = 747
Iatrogenic onset, n = 181 (172 live-born, 9 intrapartum deaths) Spontaneous onset, n = 566 (510 live-born, 56 intrapartum deaths) 
| RE SULTS
The maternal characteristics have previously been described. were reported in 36% (32/904) of the pregnancies 1 .
The population in this study is presented in Figure 1 and the distribution of cases according to gestational age is shown in Table 1 . The baseline characteristics in this study are presented in the Supplementary material (Table S1 and Table S2 ). The use of antenatal steroids in the onset-of-delivery sub-cohorts and the 4 gestational age groups (23, 24, 25 , and 26 weeks) ranged from 80% to 100% and was equally distributed among the groups.
| Mortality, iatrogenic vs spontaneous preterm birth
In the crude model (Model 1), iatrogenic preterm birth was associated with a significantly decreased risk of intrapartum death and early neonatal death, compared with spontaneous preterm delivery in Group A. After adjusting for gestational age (Model 2), this difference disappeared. Similar was true for the intrapartum death and early neonatal death in Group B (Table 2 ).
| Morbidity, iatrogenic vs spontaneous preterm birth
In Group C, we found a significantly increased risk for severe bronchopulmonary dysplasia, ROP ≥ 3 and any severe neonatal morbidity in the iatrogenic group. This was found in Models 2 and 3. However, after adjustment for growth (z-score at 36 gestational weeks) (Model 4), no significant associations remained (Table 2 ).
| Mortality, preterm birth after PPROM vs preterm birth after PTL
In Group A, the PPROM subgroup had a significantly increased risk of intrapartum or early neonatal death and death at 0-364 days in all statistical models, compared with the PTL subgroup. In Group B, no significant differences were found in any of the statistical models (Table 3) .
| Morbidity, preterm birth after PPROM vs preterm birth after PTL
In Group C, no significant differences between the 2 subgroups were found in morbidity, except for the compound variable "any severe neonatal morbidity". The risk was significantly reduced after PPROM compared with PTL in the crude model (Model 1).
The difference disappeared after adjustment for gestational age (Model 2) ( Table 3) .
TA B L E 1 Study groups according to gestational age; Numbers (percent) TA B L E 2 Mortality and neonatal morbidity according to onset of delivery in: Group A; n = 747: fetuses alive at onset of delivery; Group B; n = 682, live-born infants; and Group C; n = 482; infants alive at 365 days BPD, bronchopulmonary dysplasia; CI, confidence interval; GA, gestational age (second-degree polynomial); NEC, necrotizing enterocolitis (due to the limited number of cases no further analysis was made); OR, odds ratio; PVL, periventricular leukomalacia; ROP, retinopathy of prematurity; IVH, intraventricular hemorrhage. Any severe morbidity: compound variable comprising severe BPD, ROP grade ≥ 3, IVH grade ≥ 3, and PVL and/or necrotizing enterocolitis.
a Weight z-score: birthweight z-score in Groups A, B, neonatal weight z-score at 36 weeks of gestation according to Swedish national standard;
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Group A: fetuses alive at onset of delivery; Group B: liveborn infants; Group C: infants alive at 365 days.
b
Infants were excluded if information regarding the specific outcome was uncertain.
| D ISCUSS I ON
We found no evidence indicating that the mode of onset of delivery has an impact on mortality or morbidity among extremely preterm born infants. Instead, it seems to be the differences in gestational age and in fetal growth that are associated with the differences in outcome.
Some previous studies have indicated that iatrogenic onset of delivery results in lower mortality, 11, 13 while others have found the opposite. 18 In our material, a decreased risk of intrapartum and early neonatal death in the iatrogenic preterm birth group, compared with the spontaneous preterm birth group, disappeared when we adjusted for gestational age. The iatrogenic very preterm births usually take place at a higher gestational age, which is associated with lower mortality.
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Iatrogenic onset of delivery at low gestational ages has been reported to be a risk factor for morbidity, 16 whereas others have not found such an association. 8 This study showed no increased risk of morbidity after iatrogenic preterm birth compared with spontaneous preterm birth in the crude model. However, when adjusted for gestational age, we found an increased risk for several morbidities, for example, severe bronchopulmonary dysplasia and ROP ≥ 3 ( Table 2 ). This was even more striking when we also adjusted for gender and multiple pregnancy. After adjustment for fetal growth, this difference disappeared. We conclude that the increased morbidity in the iatrogenic group, after adjusting for gestational age, is probably caused by the higher degree of fetal growth impairment, that is, a more pronounced birthweight deviation in this group, compared with the spontaneous preterm birth group. Severe intrauterine growth restriction is among the pregnancy complications leading to the decision to deliver preterm and, obviously, it is the fetal growth restriction in itself and not the mode of onset of delivery that is the risk factor for increased morbidity.
It has been suggested that spontaneous preterm delivery (PPROM and PTL) should be regarded as a syndrome emanating from multiple causes. 6, 10 If so, differences in occurrence of the respective cause might lead to differences in the outcome between infants born after PPROM and after PTL. An increased mortality risk in the group born after PPROM, compared with the group born after PTL, has been found in earlier studies. This finding might possibly be related to differences in the time interval from the rupture of membranes to delivery. 17 The present study also found an increased mortality among infants born after PPROM in Group A (fetuses alive at onset of delivery). In Group B (live-born infants), there was no significantly increased risk for mortality, which might be explained by the fact that a number of infants in Group A died during the delivery.
The hypothesis that infection/inflammation can cause cerebral palsy has been promoted by previous studies. 4, 5 There also seems to be an increased risk of cerebral palsy after PPROM. 8 When we compared morbidity following preterm delivery after PPROM with that after PTL, in the crude model, we found a reduced risk of severe morbidity in the former group, but not after adjustment for gestational age. Hence, the increased risk of death in the subgroup born after PPROM might explain the reduced risk of severe morbidity in the survivors.
The strength of this study is the population-based material. It reflects the perinatal practice of a whole country rather than of just one or a few hospitals. Almost all pregnancies were dated by ultrasound, which made it possible to accurately stratify for gestational age. According to clinical practice, antenatal steroids were given in a majority of all cases.
There were only minor differences between the various subgroups except in the subgroup with the lowest gestational age (22 weeks), but the actual number of cases here is small. During the primary EXPRESS, data validation was performed by internal and external reviewers, so guaranteeing good data quality. As well as being the strength of this study, the background material is also its limitation. The original data collection was done by many individuals; therefore, we performed a post hoc validation of the iatrogenic cases. One should also consider the possibility that early-onset intrauterine growth restriction might have affected the ultrasound dating of pregnancies. Finally, despite the fact that the material is population-based, the numbers of cases are still small, particularly in the lowest gestational ages.
| CON CLUS ION
When comparing prognosis for infants born extremely preterm 
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